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(57) Cetle invention conceme des composites de carbures 
a double cementation qui comprennent une plurality de 
premieres zones et une seconde phase ductile separant 
lesdites premieres zones les unes des autres. Chacune des 
premieres zones se compose de grains composites et 
d'une premiere phase ductile assurant le liaisonnement 
des grains. Les grains sont choisis dans le groupe des 
carbures de W, Ti, Mo, Nb, V, Hf, Ta et Cr. La premiere 
phase ductile est choisie dans le groupe Co, Ni, Fe, 
alliages de Co, Ni, Fe, et m£taux d'alliage C, B, Cr, Si et 
Mn. Une premiere zone privildgiee se compose de grains 
de carbure de tungstene cementes par une premiere phase 



(57) Double cemented carbide composites comprise a 
plurality of first regions and a second ductile phase that 
separate the first regions from each other. Each first 
region comprises a composite of grains and a first ductile 
phase bonding the grains. The grains are selected from 
the group of carbides consisting of W, Ti, Mo, Nb, V, Hf, 
Ta and Cr carbides. The fist ductile phase is selected 
from the group consisting of Co, Ni, Fe, alloys thereof, 
and alloys with materials selected from the group 
consisting of C, B, Cr, Si, and Mn. A preferred first 
region comprises tungsten carbide grains that are 
cemented with a cobalt first binder phase and which are 
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liante au cobalt et se prdsentant sous forme de granules 
essentieUement spheriques. La deuxieme phase ductile 
est choisie dans le groupe Co, Ni, Fe, W, Mo, Ti, Ta, V, 
Nb et les alliages avec les mdtaux du groupe C, B, Cr et 
Mn. Le cobalt est privitegte comme deuxieme phase 
ductile. De plus, des additifs tels que ceux choisis dans le 
groupe des carbures, nitrures et borures peuvent etre 
ajoutes a la deuxieme phase ductile pour obtenir une 
meilleure resistance a leisure. Les composites sont 
elabor£s en combinant des particules de mdtaux durs et 
la premiere phase ductile avec la deuxieme phase ductile 
sous pression et chaleur, pour une tenacitd sup&ieure et 
une resistance a Tusure au moins dgale a celle des 
carbures de tungstene cemented classiques. 



in the form of substantially spherical pellets. The second 
ductile phase is selected from the group consisting of Co, 
Ni, Fe. W, Mo, Ti, Ta, V, Nb, alloys thereof, and alloys 
with materials selected from the group consisting of C, 
B, Cr, and Mn. A preferred second ductile phase is 
cobalt Additionally, additives such as those selected 
from the group consisting of carbides, nitrides, and 
borides can be added to the second ductile phase to 
provide improved properties of wear resistance. The 
composites are prepared by combining hard phase 
particles formed from the grains and first ductile phase, 
with the second ductile phase material under conditions 
of pressure and heat, and have improved properties of 
fracture toughness and equal or better wear resistance 
when compared to conventional cemented tungsten 
carbide materials. 
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DOUBLE CEMENTED CARBIDE COMPOSITES 

5 ABSTRACT OF THE DISCLOSURE 

Double cemented carbide composites comprise a plurality of first regions and a second 
ductile phase that separate the first regions from each other. Each first region comprises a 
composite of grains and a first ductile phase bonding the grains. The grains are selected from 
the group of carbides consisting of W, Ti, Mo, Nb, V, HC Ta, and Cr carbides. The first ductile 

10 phase is selected Horn the group consisting of Co, Ni, Fe, alloys thereof: and alloys with 
materials selected from the group consisting of C. B, Or, Si, and Ma. A preferred first region 
comprises tungsten carbide grains that are canerrtrf 

ate in the form of substantially spherical pellets. The second ductile phase is selected from the 
group consisting of Co. Ni, Fe, W, Mo. Ti, Ta. V, Nb, alloys thereof, and aUoys with materials 

15 • selected from the group consisting of C, B, Cr, and Mn. A preferred second ductile phase is 
cobalt Additionally, additives such as those selected from the group consisting of carbides, 
nitrides, and borides can be added to the second ductile phase to provide improved properties of 
wear resistance. The composites are prepared by combining hard phase particles formed torn 
the grains and first ductile phase, with the second ductile phase material under conditions of 

20 pressure and W* L and have improved properties of fracture toughness and equal or better wear 
resistance when compared to conventional cemented tungsten carbide materials. 



25 
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DOUBLE CEMENTED CARBIDE COMPOSITES 

5 FIELD OF THE INVENTION 

This invention relates to cemented tungsten carbide materials and methods of making the 
same and, more particularly this invention relates to double crmrnfM carbide composites that 
have improved properties of toughness without sacrificing wear resistance when compared to 
conventional cemented tungsten carbide. 

10 

BACKGROUND OF THE INVENTION 

Cemented tungsten caxb ido, such as WC-Co is well known for its mechanical properties 
ofhordngp, touchnrrr rmrl w^ryigtnrr* mating it « popular material of choice for use in such 
industrial applications as mining and drilling where its mechanical properties axe highly desired, 

IS Because of iis desired properties, <»w/ i*"< tungsten carbide has been the dominant material used 
as c uttin g tools for m^gh'pfag, hard wear inserts, and cutting Inserts in rotary cone rock 
bits, and substrate bodies for drag bit shear cutters, The mechanical properties associated with 
cemented tungsten carbide and other cermets, especially the unique combination of hardness 
toughness and wear resistance, make these materials mora desirable than either metals or 

20 ceramics alone. 

For conventional cemented tungsten carbide, fracture toughness is inversely proportional 
to hardness, and wear resistance is proportional to hardness. Although the fracture toughness 
of cemented tungsten carbide has been somewhat Improved over the years, it is still a limiting 
factor in demanding industrial applications such as high penetration drilling, where cemented 

25 tungsten carbide inserts often exhibit gross brittle fracture that leads to catastrophic failure. 
Traditional metallurgical methods for enhancing fracture toughness, such as grain size 
refinement, cobalt content optimization, and strengthening agents, have been substantially 
exhausted with respect to conventional cemented tungsten carbide. The mechanical properties 
of commercial grade cemented tungsten carbide can be varied within a particular envelope by 

30 adjusting cobalt metal content and grain sizes. For example, the Rockwell A hardness of 
cemented tungsten carbide can be varied from about 85 to 94, and the fracture toughness can be 
varied from about 8 to 19 ksi'in* Applications of cemented tungsten carbide are limited to this 
envelope. 

Another class of materials for cutting and wear applications is tool steel. In general, the 
35 wear resistance of steels, including tool steel, is much lower than that of cemented tungsten 
carbide. U.S. Patent No. 5,290,507 describes a material that is formed by incorporating a certain 
percentage of cemented tungsten carbide granules into a matrix of tool steel binder to increase 
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the wear resistance of the tool steel Such tool steel/cemented tungsten carbide composite 
materia b belong to the category of metal matrix composites, where the brittle phase, Lc, 

5 cemented tungsten carbide granules, is the minority phase. 

A problem known to exist with tool steel/cemented tungsten carbide composites is that 
iron (Fe) present in the tool steel binder tends to react with the cemented tungsten carbide to 
form FOjQ which can be detrimental to the ductility and toughness of the composite. For this 
reason, such tool steel/cemented tungsten carbide composites axe not desired for use in 

10 applications, such as those discussed above, where bnpioved toughness is needed. Additionally, 
the limited ductility of the tool steel that is used to form the cemented tungsten carbide 
composite also acts to limit the overall toughness of the composite, thereby limiting its use. 

It is, therefore, desirable that a cemented tungsten carbide composite be developed that 
has improved properties of fracture toughness when compared to conventional cemented 

IS tungsten carbide materials. It is desirable that such cemented tungsten carbide composite have 
suchirnprovedfiacium toughness without sacrificing wear resistance, Lc. having equal or better 
wear resistance ftwq tiiftT f»f r^n™**™/?* 1 cemented ^g«^ *sn*Adm materials. It is desired that 
such cemented tungsten carbide composite* bo adapted fb* use in st^ 

bits, percussion or hammer bits and drag bits, and other applications such as minin g and 
20 construction tools where properties of improved fracture toughness is desired. 

SUMMARY OF THE INVENTION 

Double cemented carbide compositea of this invention comprise a plurality of first regions 
and a second ductile phase that separate the first regions from each other. Each first region 

25 comprises a composite of grains and a first duetOe phase bonding the grains. The grains are 
selected fiom the group of carbides consisting of W, Ti, Mo, Nb. V, Hf; Ta, and Cr carbides. 
The first ductile phase is selected fiom the group consisting of Co, Ni, Fe, alloys thereof, and 
alloys with materials selected from the group consisting of C, Bp Cr, Si and Ma. A preferred first 
region comprises tungsten carbide grains that are cemented with a cobalt first binder phase. The 

30 second ductile phase is selected fiom the group consisting of Co, Ni. Fe, W, Mo, Ti, Ta, V, Nb, 
alloys thereof and alloys wjth materials selected fiom the group consisting of C. B, Cr, and Mn, 
A preferred second ductile phase is cobalt Additionally, additives such as those selected from 
the additive selected from the group consisting of carbides, nitrides, and borides can be added 
to the second ductile phase to provide improved properties of wear resistance. 

35 Double cemented carbide composites of this invention are prepared by combining hard 

phase panicles (e.g., WC-Co) formed fiom the grains and first ductile phase, with the second 
ductile phase material under conditions of pressure and heat The composite comprises in the 
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range of fiDm about 40 to 95 percent by volume first regions, and less than about 60 percent by 
volume second ductile phase based on the total volume of the compos it e, and more preferably 
5 comprises in the range of from about 60 to 80 percent by volume first regions and in the range 

of from about 20 to 40 percent by volume second ductile phase based on the total volume of the 
composite. Composite embodiments comprising an additive in the second ductile binder 
comprise less than about 40 percent by volume of the additive based on the total volume of the 
second ductile binder. 

10 Double cemented carbide composites of this invention have improved properties of 

fracture toughness when compared to conventional cemented tungsten carbide materials, without 
sacrificing wear resistance, i.a, having equal or better wear resistance than that of conventional 
cemented tungsten carbide materials, making the material mil suited for such applications as 
roller cone bits, percussion or hammer bits, drag bits, and other applications such as mining and 

15 construction tools where properties of improved fracture toughness is desired. For example, 
double cemented carbide composites of this invention have a fracture toughness of greater 
than 20 ksi*itf*. and a wear number of at least 1.5 (1 ,000 rev/cm*). 

DESCRIPTION OF THE DRAWINGS 
20 These and other features and advantages of the present invention will become appreciated 

as the same becomes better understood with reference to the specification, claims and drawings 
wherein: 

FIG. 1 is a schematic photomicrograph of a portion of conventional cemented tungsten 
carbide; 

25 FIG. 2 is a graphical representation of the relationship between the properties of 

toughness, hardness and wear resistance tor a conventional cemented tungsten carbide material 
having the nriciostrucnire of FIG. 1 ; 

FIG. 3 Is a graphical representation of the relationship between the properties of fracture 
tsughncss and wear TcmSiouCc fat a (^trvenrionai cemented tungsten carbide material of FIG. 1; 
30 FIG. 4 is a schematic photomicrograph of a portion of a double cemented carbide 

composite prepared according to principles of this invention; 

FIG. 5 Is a graphical representation of the relationship between the properties of fracture 
toughness and wear resistance for both conventional cemented tungsten carbide and double 
cemented carbide composites of this invention; 
3 5 FIG. 6 is a schematic perspective side view of a double tungsten carbide composite insert; 

FIG. 7 is a perspective side view of a roller cone drill bit comprising a number of the 
inserts of FIG. 6; 
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FIG. 8 is a perspective side view of a percussion or hammer bit comprising a number of 
inserts fanned from double c em e nte d carbide composites of this invention; 
5 FIG, 9 is a schematic perspective side view of a polycrystalline diamond shear cutter 

comprising a substrate formed from double tungsten carbide composites of this invention; and 
FIG. 1 0 is a perspective side view of a drag bit comprising a number of the polycrystaiJine 
diamond shear cutters of FIG. 9. 

10 DETAILED DESCRIPTION 

Cemented tungsten carbide is a composite material that is made from tungsten carbide 
(WC) grains and a metallic binder such as cobalt (Co), thereby forming WC-Co. FIG. I 
illustrates a eanyenriorml microstructurc of a egmentftrf tungsten mrhM* material 10* comprising 
tungsten carbide grains 12 that axe bonded to one another by (he binder phase 14. e,g>, cobalt 

IS material. Hie unique properties of cemented tungsten carbide, cg^ toughness, hardness, and 
wear resistance, result ftom the combination of a rigid carbide network with a tougher metal 
substructure. The generic structure of cemented tungsten carbide, a heterogeneous composite 
of a ceramic phase m combination with a metal phase, is similar in all cermets. 

The relationship between mechanical properties of baldness, fracture toughness and wear 

20 resistance is well known for such conventional commercial grade cemented tungsten carbide 
materials, and is illustrated in graphical form in FIG. 2. Hardness is indicated by Rockwell A 
(HRa) number, fracture toughness is indicated by value (ksi* 1 * 2 ), and wear resistance is 
indicated by wear number (1,000 rev/cm 3 ). As illustrated in FIG. 2, properties of toughness and 
hardness are inversely proportional to one another, while properties of hardness and wear 

25 resistance are proportional to one another. FIG. 3 is another presentation of the relationship 
between fracture toughness and wear resistance for conventional commercial grade cemented 
tungsten carbide. 

For conventional cemented tungsten carbide materials, properties of hardness, fracture 
mug{m£«s and wear resistance can be varied within a defined window of between 85 to 94 HRa 

30 (hardness), between 8 to 19 ksi'uf 1 (fracture toughness), and between 1 to 15 (1 ,000 rev/cm 3 - 
wear resistance). Fox example, it is known to increase the fracture toughness of such 
conventional cemented tungsten carbide materials to the higher end of the envelope by 
increasing the amount of cobalt present in the cemented tungsten carbide. The toughness of the 
cemented tungsten carbide comes mainly ftom the plastic deformation of the cobalt phase during 

35 the fracture process. Yet, the resulting hardness of the cemented tungsten carbide decreases as 
the amount of ductile cobalt increases. In most commonly used cemented tungsten carbide 
grades, cobalt is no more than about 20 perce nt by weight of the total composite. 
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Conventional grades of cemented tungsten carbide used for shear cutler substrates in drag bits 
and cutting structure inserts in rock drilling bits contain in the range of from about 6 to 16 
5 percent by weight cobalt, and have grain sizes in the range of from about one to ten micrometers. 
Such conventional grades of cemented tungsten carbide used for cutting structure inserts in rock 
dril ling bits have a Ra hardness in the range of from about 85 to 91, a fracture toughness in the 
range of from about 9 to 18 fca»iir\ and have a wear number in the range of from about 1.5 to 
11 (1.000 rev/cm 3 ). 

10 Referring back to FIG. 1. it is evident that the cobalt phase 14 is not continuous In the 

conventional cemented tungsten carbide microstructure, particularly in compositions with a low 
cobalt concentration. The conventional microstructure has a relatively uniform distribution of 
tungsten carbide in a cobalt matrix. Uws, crack propagation through the composite will often 
travel through the leas ductile tungsten carbide grains, either transgranulaxiy through tungsten 
15 carbide/cobah interfaces 15, or intergranularty through tungsten carbide/tungsten carbide 
interfaces 16, As a result, cemented tungsten carbide often exhibits gross brittle fracture during 
more demanding applications, which may lead to catastrophic failure. 

FIG. 4, illustrates the rjuetostrueture of a double cemented carbide composite 1 8 prepared 
according to principles of this invention, The class of cermets prepared according to this 
20 invention have a double cemented rniczostzucture. A first cemented microstructure comprises 
a conventional cemented carbide microstructure (e.g., cemented tungsten carbide, WC-Co) as 
described above, while a second cemented microstructure comprises hard phase particles 20 
formed from the first cemented microstructure (eg, WC-Co particles) surrounded by a 
continuous ductile binder phase 22 (e.g, formed from a ductile metal or metal alloy). Thus the 
25 term "double cemented" or "dual cemented" is used to refer to the fact that the composite 
material of this invention is in the form of a cemented microstructure that itself comprises a 
cemented microstructure as one of its components. Double cemented composites of this 
invention are formed using materials and processes that achieve the desired enhanced properties 
of fracture toughness -Aithoy; sacrificing wear gasteaace, 
30 Broadly, double cemented carbide composites of this invention arc made by mingling 

cemented hard phase particles with a ductile phase binder under conditions causing the cemented 
hard phase particles to be cemented by the ductile phase binder. From a laminate perspective, 
a conventional laminate structure comprises a stack of sheets that has alternating materials along 
one. geometric dimension. A fiber structure with a binder is considered to be a 2-D laminate. 
35 The double cemented carbide composite of this invention can, therefore, be viewed to be a 3-D 
laminate. 
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The microstecture of double cemented earbide oomposfees of this indention provides a 



5 due to the eahssssd ctec& blunting oad deflective eflfcsts of the continuous binder phase 22 thai 
surrounds each hard phase particle 20. The continuous binds? phase increases the overall 
fracture toughness of the oomposi?©, by blunting or deflecting the &oat of & propagating crack 
if ons ccciks, ^ftthous ^sdficiag either the overall hardness or ^/esr resistance of the composite 
Tfas ovesaJl hardneso of the composite Is nod sicfifieed as the original ductile metal phase of the 

}0 herd particles (©.g^, the cobalt phsgs of to cemented tuagtfea s^bid© hsssd particles) is merely 
redistributed ite^eea the M particle pha^ and thenar or seomd binder phase* "The overall 
wear resistance of the double cemented composite Is much higher thara that of a conventional 
cemented famgsten carbide material that comprises the wssms smom& of tte total ductile binder 



15 Double eeanen^esrfe^cc^^^ 

of materialo a&tfce h^pharepsticte)20. Suitable matariais for fenning the hard phase particles 
20 are cermets that include hard grains formed to carbides o? borldes formed from reft&ctory 
metals such as W„ Tl, Me, Hb> V„ H£ Te* Cr 0 aad © metallic cementing agenx. Example bard 
grain materials include WC t TiC p T&C TIB^ or Ci^Cs. The saeSaliS© cementing agent may be 

20 selected fiomtihe ^©up of dusdla (aatesals Including ose or a combination of Co 9 Ni, Fe, which 
may be alloyed iaith each other or with C, B, Gz, Si sad Mn. Prefesrad cermets useful for 
forming the hard phase pastteSea 20 include cemented tuagssea carbide with cobalt as the binder 
phase (WC-Ga) and otfear cermets such so WC-Nt WC-Fe, WG<Cc\ Ni, Fe) end their alloys. 
The hard phase particles 20 ussflil fo? forming double carbide composites of this invention 

25 include conventional cermets, such as cemented tesagstea carbide, having the following 
composition range: carbide component in the rang© of from about 75 to 97 percent by weight, 
and metallic csmenring agent or binder in th$ range of from about 3 to 25 percent by weight. 

The hard phssa particles 20 csa also fbmrsd from spherical casrt cesbicfe. Spherical cast 
carbide may ba fabricated using the spinning disk rapid solidification process described in U.S. 

30 Patent Na 4.723,936 end U.S. Poteait Wo. 5,029,182. Spherical cast carbide is a eutectic of WC 
and W 2 C If desired, the hard phase particles 20 can he formed from mixtures of cemented 
tungsten carbide and spherical cast carbide, or combinations of other hard phase particles 
described above. 

In an exemplary embodiment, the hesd phase particles ore formed from conventional 
35 cemented fesigften carbide, m illustrated in FIG. 1, wherein each particle comprises a composite 
of tungsten cazbido grains bonded by cobalt (WC-CoX The cemented tungsten carbide particles 
can he made by conventional mixing, pressing, asafl sintering to form a cemented tungsten 
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carbide body. Such a body can then be crushed and screened to obtain a desired particle size for 
use in this invention, Alternatively, the particles can be made directly by forming agglomerates 
5 of tungsten carbide and cobalt of appropriate size which are then sintered to near act size. This 

enables one to determine the shape as well as the size of die particles. 

Hard phase particles 20 made from cemented tungsten carbide are preferably in the form 
of substantially spherical particles. Such spherical particles can be made from pelletized 
mixtures of cobalt and tungsten carbide particles or by abrading crushed cemented tungsten 
10 carbide. The preferred sutvrtftntially spherical cemented tungsten carbide pellets are bonded with 
cobalt Probably 90% or mam of the pellets are spherical or very nearly spherical. A small 
fraction are smooth but somewhat oval (oblate or prolate) or egg shaped. This is contrasted with 
fractured carbide which has an angular profile* 

Hie cemented tungsten carbide pellets have a particle size that is preferably less than 
15 about 500 micrometers because while larger sized particles may exhibit better wear resistance, 
they are known to display a higher tendency for independent particles to microcrack or pull-out 
during abrasive wear situations. 

In a preferred rmJwffnr^ the cemented tungsten carbide pellets have a particle size in 
the range of from about 20 to 300 micrometers. A hard phase pellet size within this range is 
20 preferred because it provides a good combination of resistance to both wear and cracking. 
Cemented tungsten carbide pellets that are too fine, cg^ that have a particle size of less than 
about 20 micrometers, are also not desired because while such particles may display a low 
tendency to crack, as the particle size of the cemented tungsten carbide approaches the size of 
the individual carbide grains, the nricrostructure of the composite approaches that of 
25 conventional cem en ted tungsten carbide. 

The relative size arid volume fraction of the hard phase particles 20 and the ductile binder 
phase 22 surrounding the hard phase particles determine the combined mechanical and 
tribological behavior of the final composites. Double cemented carbide composites of this 
invention may comprise in the rungs of from about 40 to 95 percent by volume of the hard phase 
30 particles 20 based on the total volume of the composite. The volume fraction of that hard phase 
panicles is one of the most important factors affecting the mechanical properties of the final 
composite. Et is desired that double cemented carbide composites be prepared using greater than 
about 40 percent by volume hard phase particles because using less than this amount can produce 
a final composite having an overall modulus, and properties of strength and wear resistance that 
35 are too tow for demanding applications such as shear cutter substrates for drag bits or inserts for 
roller cone rock bits. It is desired that double cemented carbide composites of this invention be 
p r e par ed using less than 95 percent by volume hard phase particles because using more than this 
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amount can produce a final composite having a low fracture toughness similar to that of 
conventional cemented tungsten carbide* 
5 The exact amount of the hard phase particles 20 that arc used will vary depending on the 

desired mechanical properties for a particular application. For example, whoa the double 
cemented carbide composiie is used in an earth boring drill hit, it is preferred that the hard phase 
particles be in the range of fiom about SO to 80 percent by volume of the total volume of the 
composite. 

10 The ductile binder phase 22 of double fierniemted carbide composites of this invention is 

selected fiom die group of materials comprising one or more ductile metal, duct ile metal alloy, 
refractory metals, additives, and mixtures thereof In a first embodiment double cemented 
carbide composite, the ductile binder phase 22 that surrounds the hard phase particles 20 is 
selected fiom the group of ductile metals ductile metal alloys, and refractory metals. The ductile 
15 metals can include cobalt, nickel, iron, cast icon, and the ductile metal alloys can include steels 
of various carbon and alloying levels, stainless steels, cobalt alloys, nickel alloys, Fe-Ni-Co 
alloys having a low coefficient of thermal expansion such as Sealvar manufactured by Amies 
Inc., of Pennsylvania, tungsten alloys such as W-Nl-Fe, and the like. Desirable low thermal 
expansion alloys include those having a coefficient of thermal expansion of less than about 8 
20 um/m-IC Such low thermal expansion alloys are desired becanse they are both thermally 
compatible with the hard phase particles, thereby improving thermal fatigue crack resistance, and 
because they arc more ductile the most cornmetdal grade steels. The ductile binder phase 22 can 
bp one, or a combination o£ the following: W, Co, Ni, Fe. Mo, Ti, Ta, V, Kb. The ductile binder 
phase 22 can be alloyed with C, B f Or and Mn. 
25 Co is a preferred ductile binder phase material when the bard phase particles are formed 

from cemented tungsten carbide (WC-Co) because it has better thermodynamic compatibility, 
wetting, and intcrfaeial bonding with WC grains, as compared to nickel or iron. Cemented 
tungsten carbide comprising cobalt as a binder offers the best combination of hardness and 
toughness whetf ojiiiparcd io that formed by using other binder systems. Other binder materials 
30 such as nickel are useful in certain applications where other enhanced properties are desired, e.g., 
nickel is used as a binder in applications where superior corrosion resistance is needed. 

In the first embodiment where the ductile binder phase 22 comprises a ductile metal, 
ductile metal alloy, or combination thereof; it b desired that the double cemented carbide 
composite comprise less than about 60 percent by volume, and more preferably in the range of 
35 from about 20 to 40 percent by volume, of the ductile binder phase based on the total volume of 
the composite. The function of the ductile binder phase is to enhance the fracture toughness of 
the final composite by plastically deforming during crack propagation. The overall elastic 
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modulas, compressive strength, and wear resistance of the final composite will decrease 
significantly if greater than about 60 percent by volume of the ductile binder is used, making the 
5 final composite unstated for applications where extremely heavy load and abrasive wear is 
known to occur. 

Materials useful is the ductile binder phase 22 include ductile steel The term "ductile 
steel" is used herein to refer to a mild steeb that display greater than about 5 percent elongation 
after heat treatment, have a carbon content of less than about 0.8 percent by weight, and have a 

10 total alloy contem ofless than about 5 penxrrt by weight of the total steel composition. Such 
steels, because of their make up and heat treatment, have a desired degree of ductility to 
plastically deform a sufficient amount during crack propagation and, thereby increase the 
fracture toughness of the double cemented carbide composite. It is understood that such ductile 
steeb do not include steels having: (1) an elongation greater then about 5 percent after heat 

15 treatment; or alloyed steels that both have a carbon content of greater than about 0.8 percent by 
weight, and have a total alloy content of greater than about 5 per c en t by weight, that may be 
referred to as tool or high-speed steels. The term "alloyed steer as used herein refers to those 
steels that include alloys of such metals as W, Co, Ni, Fc, Mb, Ti, Ta, V, Nb, Cr, Mn and the 
like. 

20 The initial particle size and size distribution of the powder affects the mixing and 

homogeneity of the final ruiexostructure of the composite. The surface finish of the as- 
consolidated part is also affected by the initial particle size and size distribution of both the 
ductile binder phase and hard phase powders. After consolidation, it is desired that the bard 
phase particles retain their integrity with some elemental diffusion, which may occur during high 

25 temperature consolidation process. The ductile binder phase particles, however, becomes a 
continuous or semi<armnuous matrix phase during such consolidation, its original powder 
characteristics no longer exist, and it has a structure similar to bulk metals with equi-axed grains, 
although subsequent heat treatment could alter its grain structure. For example, if ductile steel 
is used as the ducrtio binder phase, its mkrostructure can be martenalte, peariite, bainite or others 

30 depending on the specific heat treatment or thermal history Of the material. At the interface 
between the binder alloy and hard phase particles them could be diffusion bonding depending 
on the specific material systems. 

In a second embodiment double cemented carbide composite, the ductile binder phase 
22 includes one or more of the materials described above for the first embodiment plus one or 

35 more particulate additives. Suitable additives include WC, VC, NbC, HB* TiC, MoC, Cr 3 C 7f 
polycrystalllne diamond (PCD), cBN, other carbides, borides, nitrides, c^rboni brides, 
caxboborides, and mixtures thereof. Additives, in this second embodiment, are an integral pan 
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of the ductile binder phase. In many abrasive wear applications, preferential wear of the binder 
phase is the primary wear mechanism. Strengthening and Increasing tho wear resistance of the 
5 binder phase also enhances the wear resistance of the final composite. The particle size of the 
additives needs to be smaller than that of the hard phase particles, and also needs to be small 
enough to be uniformly distributed through fce binder phase. As a general principle of 
precipit ation or dispersion snrngthening, useful particles include those ranging from submicron 
to a few microns in size Particle shoes of strengthening additives are much smaller than 
10 the mean free path between pellets. In other words, the particle sizes are smaller than the width 
of the ductile binder p*»»q* between the pellets of cemented tungsten carbide. 

Depending on different wear applications, additives useful lor forming second 
embodiment composites of this invention may have a particle size in as large as about 20 
micrometers. In a preferred second embodiment, the additives have a submicron particle size, 

15 or a particle size in the range of from about one to ten micrometers. In some instances, 
nanometer powders such as the Nanocarb powder (WC/Co) mannfectured by Nanodyne, Inc., 
of New Brunswick, New Jersey, may bo used. The selection of additive depends on the 
particular application. The use of such fine particle size additives is desired to strengthen the 
ductile binder phase, reduce preferential wear of the ductile binder phase, and improve the 

20 overall wear resistance/toughness combination of the double cemented carbide composite. 

In such second embodiment double rnnmt ^ carbide composite, where the ductile binder 
phase 22 comprises an additive in addition to a ductile metal or ductile metal alloy, it is desired 
that the double cemented carbide composite comprise less than about 60 percent by volume of 
the binder (i.c.ductilc metal or ductile metal alloy) based on the total volume of the composite, 

25 and less than about 30 parau by vohimc of the additive based on the total volume of the binder, 
although a p refe rred amount of the additive is approximately 1 5 percent by volume. The use of 
such strengthening additives may have an adverse impact on the ductility of the binder* As a 
general rule, as you increase the strength of the binder you decrease the ductility of the binder. 
Using less than about 30 percent by volume of the additive, based on the total volume of the 

30 binder, has been shown to provide a desirable degree of wear resistance without significantly 
sacrificing ductility or toughness, while if the volume fraction of the additives is greater than 
about 30 percent, the fracture toughness or the final composite may be below what is needed for 
particular applications. 

Double cemented carbide composites of this invention can be prepared by a number of 

35 different methods, e.g., by rapid ornni directional compaction (ROC) process, hot pressing, 
infiltration, solid state or liquid phase sintering, hot isostatic pressing (HIP), pneumatic isostauc 
forging, and combinations thereof These processes are desired be c ause they are needed to form 
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the desired composite mictostructure of this invention having a uniform distribution of bard 
phase particles within the ductile phase* thereby producing improved properties of fracture 

5 toughness without sacrificing wear resistance. Initially, the hard phase particles that are used 
to make cemented tungsten carbide composites of this invention can be formed into pellets by 
conventional methods. 

Specifically, where the hard phase particles 20 am formed fiom sintered or cemented 
tungsten carbide having, tor example, about 1 to 1 5 micrometer WC particles bonded together 

10 by six percent cobalt^ such pellets are made by conventional closed die pressing of a cemented 
tungsten carbide powder mixture, dewaxlng and vacuum sintering. The resulting product can 
be crushed to form particles in the range of from about 20 to 300 mi crom e te r s . Alternatively. 
WC and Co powders can be mixed with a te mpora ry wax binder in an attritor or ball mill and 
pellets in the range of 20 to 300 micrometers (size after sintering) screened fiom the mixture. 

15 Oversize and undcrsizr pellets arc recycled to achieve the desired particle size range. The pellets 
are dewaxed and sintered and then broken up as required to provide 20 to 300 micrometer 
pellets. These pellets can then be formed into a double composite by any of the four above- 
mentioned processes. Tho Pdlets are blended with the selected ductil e binder phase 22 material, 
and this secondary mixture is pressed into a desired shape, such as the shape of a roller cone rock 
20 bit insert and the like. ITie pressed shaj» am then sintered 

LtawidPhftSg Sintering 

Hie second sintering of the pressed shapes may be done by liquid phase sintering where 
the double cemented carbide composite is heated above the melting point of the ductile metal or 
binder p hase, or by supereolidus liquid phase sintering where the double cemented carbide 

25 composite is heated above the sotidus temperature of the ductile binder phase or above an alloy 
composition formed by combination of the ductile metal phase and binder in the pellets, but 
below the full liquidus temperature An advantage of liquid phase sintering over other composite 
forming processes is its relatively low cost, and the fact that it Is well suited for mass production. 
A disadvantage of liquid phase sintering Is that its use limits the selection of alloy systems to 

30 those where the binder alloy can form a liquid at a temperature below the liquid-forming 
temperature of the hard phase pellets. For example, WC-Co hard phase pellets have a 
liquefaction temperature of approximately ] ,210*0, thus the liquid phase sintering temperature 
for the double cemented tungsten carbide composite of this invention has to be below 1J280°C. 
Melting depressant elements such as Si, B or C have to be used b combination with the steels, 

35 nickel, or cobalt metal in order to form a liquid during sintering. However, the properties of 
liquid phase sintered composite materials will be different fiom that of alloys without melting 
point depressant elements. 
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Alternatively, the secondary mixture may be ho i pressed to a desired shape in a c iosad die 
5 ax a temperature below the solidus temperature of the ductile binder phase for bonding by 

diffixsion processes. Hoi pressing can be conducted wi1h or without a liquid phase to achieve full 
density. During die hot pressing process,, green powder compact or loose packed powder is 
placed in a graphite die and is heated by the die to a desired temperature. The green powder 
compact or loose packed powder is pressed at the desired temperate 
10 one to ten ksi for a jsredeternrined length of time, e_g^ 30 to 60 minut e s. The hot pressing 
process is a viable production technology for double cemented carbide composites of this 
invention when compared to liquid phase sintering because its use permits a greater selection of 
tinder alloy materials* Hindering factors of the hot piesa process for production include the high 
cost associ ated with graphite mold preparation, and moderate flexibility with respect to 
15 component geometry. 

The Hot isostarjc press (HIP) process Is another option for manufacturing double 
cemented carbide composites of this invention. The powder mixture of the hard phase particles 
and the ductile metal phase powder are first encapsulated in a soft metal case (steel in many 
20 applications) under a vacuum. During BQPtog, the powder blend encapffldared in the metal case 
is consolidated by an inert pressurizing gas such as argon through the metal case at a 
predetermined temperature for in the range of from about 30 minutes to 2 hours* The HEP 
pressure is usually in the range of from about 10 to 30 ksi. The entire heating and cooling cycle 
for the HIP process is approximately 15 to 20 hours in a production environment. 

25 Puasi-HIP Praaagj 

There are other quasi-HIP process that can also be used for manufacturing double 
cemented carbide composites of this invention. An examples of such quasi-HIDINO process is 
the Ceracon process as disclosed In U.S. Patent No. 4,673,549, which is incorporated herein by 
reference. The Ceracon process is apseuoo not isostaiic pressing technique, where the shape is 

30 prcsintered and subjected to further compaction by hot isostatic pressing (HIDING) or quasi- 
HIDING process where spherical graphite granules are used as a pressure transmission media. 
Rapid QmnldfrectJonal Cbmnaction 

A preferred process is referred to as rapid omnidirtctional compaction (ROC). Exemplary 
ROC processes are described in U.S. Patents 4,945,073; 4,744,943; 4.656402; 4,428,906; 

35 4,341,557 and 4,142,888, which are hereby incorporated by reference. Broadly, the process 
involves forming a mixture of pellets and a powder of a ductile metal binder, along with a 
temporary wax binder. The mixture is pressed in a closed die to a desired shape, such as a rock 
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bit insert Hie resulting "green" insert is vacuum dewaxed and prcsintered at a relatively low 
temperature to achieve a density appreciably below full theoretical density. The sintering is only 

5 sufficient to permit handling of the insert for subsequent processing. 

This green insert is wrapped in a first container and is then placed in second container 
made of a high temperature high pressure self-sealing ceramic material. The second container 
is filled wi th a special glass powder and the green parts disposed within the first co nlainer are 
embedded in the glass powder. The glass powder has a lower melting point than that of the 

10 green part, or of thexeramic die. The second container is placed in a ftnnace to raise it to the 
desfaed consolidation tanperatePp flat b also above the melting point of the glass. For example, 
tor a WC-Co hard phase pellet-cobalt ductile metal phase system, the consolidation temperature 
is in the range of fioxn 1 F 000°C to 1,500'C. The heated second container wi th the molten glass 
and green pans immersed inside is placed in a hydraulic press having a closed cylindrical die and 

15 ram that presses into the die. Molten glass and the green parts are subjected to high pressure in 
the sealed ceramic container. The parts are isxistatically pressed by the liquid glass to pressure 
as high as 120 tea. The ternperature capability of the entire process can be as high as 1,800 °C. 
The high pressure is applied for a short period of time, e.&, less than about five minutes and 
preferably one to two minutes, and isostsMcally compacts the green parts to essentially 100 

20 percent density. 

The ROC process has the following advantages when compared against the HIP process: 
(1) the pressure medium is a liquid rather than a gas, thereby allowing one to start with a shaped 
green part, rather than having to start with a powder blend that must be both encapsulated and 
evacuated before HIDING; (2) it permits near net-shape manufecturing without machining and 

25 is extremely flexible in geometry, unlike KD1NO that requires post machining and is not 
suitable for small individual component manufacturing; (3) it operates ac pressures as high as 
120 ksi, rather than at low HIDING pressures of less than about 30 Jcsi; (4) it operates at high 
temperatures of up to about 1,800°C rather than at HIDING temperatures of less than about 
l,50trC; (5) it has a short processing time of about one to two minutes at pressure and the 

30 heating and cooling operations are separate from the actual ROC process, rather than having a 
long HIDING process time of 30 to 120 minutes at temperature and pressure that requires long 
period for pressure and temperature ramp up, providing a typical cycle time of 10 to 20 hours; 
(6) it does not place a limit on the co mp o siti on range for full consolidation because the extremely 
high pressure causes a large amount of plastic deformation, unlike HIDING that limits the 
35 carbide composition if solid stale consolidation is required, because the consolidation mechanism 
depends on creep and solid state diffusion; and (7) it produces a fully consolidated product 
having less micro defects such as micro porosity, unlike HIDING where the production of a 
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porosity-ftcc structure is dependent on the type of composition, eg-, the higher the carbide 
content, the higher thn probability for micro porosity. 
5 Doable cememed carbide composites of this invention will become better understood and 

appreciated with reference to the following examples: 

Example 1 - Double cemented tungsten carbide composite prepared bv Infiltration Proem 

Minus 200 mesh spherical WC-6C0 sintered pellets were packaged in a graphite mold to 

10 the desired shape of an insert for use with a rotary cone rock brt The pellets have an average 
particle size in the rtngc of from about 40 to 50 micrometers. The pellets were pre-sdnlcred in 
the mold in a vacuum at about 1,300*C for approximately 30 minuses The picsintered insem 
woe then infiltrated with Nlcrobtaze LM, a nicScal-based infiltration alloy manufactured by Wall 
Colmonoy, Inc. The Infiltration temperature was controlled at approximately 1»050"C for a 

15 period of approximately 30 minutes- For the samples used for infiltration, approximately 30 
percent by weight of die Mcrobraze LM material was used to charge the mold. However, due 
to excess fafilrrant pile up on the top and bottom of the samples, about 40 percent by volume (26 
percent by weight) of nickel alloy was in the final as-infiltrated samples. 

20 Example 2 - Double cemented tungsten carbide composite prepared bv Hot Press Process 

Spherical WC-6C0 sintered pellets having an estimated average particle size of 
approximately 40 to 50 micrometers were blended with a low-carbon ductile steel (Lc, the 
ductile binder phase material), such as Grade A1000C manufactured by Hoeganaes Corporation. 
Approximately 36 percent by volume (Le., less than 25 percent by weight) of die ductile steel 

25 was used. The spherical pellets were minus 200 mesh, Le. they passed through a standard 200 
mesh screen. The blended powder was packed into a graphite mold that was coated with hBN, 
and then hot pressed at approximately 1,200°C for one hour at a pressure of approximately six 
Jcsi. 

30 gKamele % - Double cemented tungsten carbide composite prepared bv ROC Process 

Spherical WC-6C0 sintered pellets having an average particle size of approximately 40 
to 50 micrometers were wet milled together with A1000C low-carbon ductile steel powder in 
heptane fluid, and approximately two percent by weight paraffin wax was added thereto. 
Approximately 36 percent by volume (i.e^ less than 25 percent by weight) of the ductile steel 

35 was used. After milling, the powder was dried and it was pressed into green inserts on a uni- 
axial press to a specific dimension, The green insert was then prcsintcrcd in a vacuum at 
approximately 950*C for 30 minutes. The pre-slntered insert was then subject to a rapid 
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omnidirectional compaction process at approximately 1,100*C with 120 fcsi pressure. Other 
ductile metal alloy binders were also used to fabricate samples using the ROC process. The 
5 samples were then evaluated for mierostructac and mechanical properties. 

Bfflttnpl^fl 4 te 9 - Pother PftnMa cemented tungsten carbide composites BBffigSd by_RQC 
EEQ6&SS 

Rather double cemented tungsten carbide composites -were prepared in a manner similar 
10 to that described above for Example 3, except that the type of ductile binder phase material and 
its proportion was varied in the following manner Example 4 - approximately 36 percent by 
volume (i.e., less than 25 percent by weight) Grade 4650 steel; Example 5 - approximately 30 
percent by volume (L&-, less than 25 percent by weight) Grade 4650 steel; Example 6 - 
approximately 38 percept by volume Sealvar Fe-Ni-Co alloy; Example 7 - approximately 30 
IS percent by volume Sealvar; Example 8 - approximately 38 percent by volume cobalt; and 
Example 9 * approximately 30 percent by volume cobalt In each of these examples, the 
sphcri cal pellets were minus 200 mesh. 

EaaaJfi 10 - Double cement^ tyiyggften carbide composite* with nrfdtrive prepared bv ROC 
20 Process 

A double cemented tungsten carbide composite was prepared in a manner similar to that 
described above for Example 3, except that the ductile binder phase material was cobalt and 
included art additive of WC particles. Specifically, the composite comprised approximately 38 
percent by volume ductile binder phase material and additive* based on the total weight of the 
25 composite, and approximately 10 percent by volume WC additive, based on the total weight of 
the ductile binder phase material and die additive. The additive was in the form of fine grain 
WC, having an average particle size in the range of from about 10 to 15 micrometers. The 
spherical pellets of cemented tungsten carbide had an average particle size in the range of from 
about 150 to 200 micrometers. 

30 

The double cemented tungsten carbide composites prepared according to Examples 6 to 
10 were tested for such mechanical properties as hardness, fracture toughness, and wear 
resistance. Hardness was measured using a Rockwell A standard (HRaX fracture toughness was 
measured by using a K± (ted-to*) standard test according to ASTM B77 1 -87. and wear resistance 
35 was reported as a wear number (1,000 rev/cm 1 ) according to ASTM B-61 1*85. The test results 
are set forth in the Table below. 
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Tablt of Measure Mechanical Propertiaa 



10 



IS 



20 



25 



30 



35 



Sample Q> 


Hardness 
Overall HR* 


Fracture Toughness, Kfc 


Wear Resistance 
(1,000 rev/em*) 


Example 6 


77 


27 


2 


Example 7 


81 


23 


2 


Example 8 


82 


29 


2 


Example 9 


,83 


22 


2 


Example 10 


N/A 


40 


3.8 



As represented in the Table, the double cemented tungsten c ar b ide composites of 
Examples 6 to 10 each displayed a fracture toughness (KJ greater than 20 kri'in*, and had m 
wear number greater than 13 (1,000 rev/cm*) and, more specifically of approximately 2 (1 ,000 
rev/cm J ). Each of the Example 6 to 10 double cemented tungsten carbide composites of this 
invention displayed a fiactuze toughness of approximately 22 or greater, and some as high as 27, 
29 and 40. 

FIG. 5 graphically represents the relationship between fracture toughness and wear 
resistance for both conventional cemented tungsten carbide materials, and for the double 
cemented tungsten carbide composites ofExamples 6 to 9. As illustrated in FIG. 5, the fracture 
toughness for conventional cemented tungsten carbide materials, having a wear number of 
approximately two or more, is no greater than about 18 ksi*iri*, and more specifically is within 
the range of from about 11 to 18. According to the test data, double cemented tungsten carbide 
composites of this invention have improved properties of fracture toughness (of at least 22 
percent and as high as 60 percent) when compared to conventional cemented tungsten carbide 
materials, without sacrificing wear resistance. 

The improved fracture toughness provided by double cemented tungsten carbide 
composites of this invention is a result of the special architecture of the mi erostn iciute; 
comprising the hard phase particles that act to control the wear rate of the composite, surrounded 
by the ductile binder phase that provides a crack blunting. Lc, a fracture energy absorbing, effect 
to thereby improve the fracture toughness of the composite. 

Double cemented carbide composites of this invention can be used in a number of 
different applications, such as tools tor mining and construction applications, where mechanical 
properties of high fracture toughness, wear resistance, and hardness are highly desired. Double 
cemented carbide co m p osi t e s of this invention can be used to form wear and cutting components 
in such tools as roller cone bits, percussion or hammer bits, drag bits, and a number of different 
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cutting and machine tools. For example, referring to FIG. 6, double cemented carbide 
composites of this invention can be used to fonn a mining or drill bit insert 24. Referring to FIG. 
5 7, such an Insert 24 can be used with a roller cone drill bit 26 comprising a body 28 having three 
legs 3 0, and a cutler cone 3 2 mounted on a lower end of each leg. Each roller cone bit insert 24 
can be fabricated according to one of the methods described above* Hie inserts 24 are provided 
in the surfaces of die cutter cone 32 for bearing on a rock formation being drilled. 

Referring to FIG. 8, inserts 24 formed from double rymrmtrd carbide composites of this 
10 invention can also bemsed with a percussion or hammer bit 34, comprising a hollow steel body 
36 having a threaded pin 3 8 on an end of the body for assembling the bit onto a drill string (not 
shown) for drilling oil wells and the like. A plurality of the inserts 24 are provided in the surface 
of a head 40 of the body 36 for bearing on the subterranean formation being drilled. 

Referring to FIG. 9, double cemented carbide composites of this invention can also be 
15 used to form PCD shear cutters 42 that are used* for example, with a drag bit for drilling 
subterranean, formations. More specifically, double cemented carbide composites of this 
invention can be used to form a shear cutter substrate 44 that is used to carry a layer of 
polycrystalline diamond (PCD) 46 that is sintered thereto. Referring to FIG. 10, a drag bit 48 
comprises a plurality of such PCD shear cutters 42 that are each attached to blades 50 that extend 
20 from a head 52 of the drag bit for cutting against the subterranean formation being drilled. 

Although, limited embodiments of double cemented carbide composites, methods of 
making the same, and applications for the same, have been described and illustrated herein, many 
modifications and variations will be apparent to those skilled in the art Accordingly, it is to be 
understood that within the scope of the appended claims, double cemented carbide composites 
25 according to principles of this invention may be embodied other than as spec ific al ly described 
herein. 



30 



35 
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WHAT IS CLAIMED IS: 

1 . A composite cermet material comprising: 

5 a plurality of first regions, each region comprising a composite of grains and a first ductile 

phase bonding the grains, wherein the grains are selected from the group of carbides consisting 
of W, H, Mo, Nb, V, H£ Ta, and Cr chides, wherein the first ductile phase is selected from the 
group consisting of Co, Nl Fe, alloys thereof; and alloys with materials selected fiom the group 
consisting of C, B f Cr, Si, and Mn; 

10 a second ductile phase separating the first regions fiom each other, the second ductile 

phase being selected fiom the group consisting of Co, Ni, W, Mo, Ti, Ta* V, Nb, alloys thereof, 
and alloys with materials selected fiom file group consisting of C, B, Cr, and Mn. 

2. The composite material as red 1 comprising in the range of fiom about 
15 40 to 95 percent by volume first regions, end less than about 60 percent by volume second 

ductile p hase based on the total volume of the composite. 

3. Th» ^mp^pft g material n% vsombA m claim 2 comprising in the range of fiom about 
60 to 80 percent by volume first regions and in the range of fiom about 20 to 40 p er ce nt by 

20 volume second ductile phaso based on the total volume of the composite. 

4. The composite materia] as recited in claim 1 having a fracture toughness of 
greater than 20 ksi*in"* f and a wear number of at least 1 .5 (1 ,000 rev/cnr*). 

25 5. An insert for use in roller cone and percussion drill bits formed from the composite 

material of claim 1. 

6, A polycrysuiline diamond shear cutter substrate formed fiom the composite 
material of claim 1 and a layer of porycrystalline diamond on a face of the shear cutter substrate. 

30 

7. The composite material as recited in claim I wherein the second ductile phase 
further comprises an additive selected fiom the group consisting of carbides, nitrides, borides, 
and mixtures thereof. 

35 8. The composite material as recited in claim 7 wherein the additive is selected from 

the group consisting of WC, VC, NbC, TiB* TiC, MoC, CTjC* porycrystalline diamond, and 
cBR 

-18- 



07/31/97 THD 22:28 [TX/RX NO 6304] 



CA 02212197 1997-08-01 

♦ 

JUL 31 '97 ZZ:3B FR CHRISTIE PARKER arHRLE 18 577 BB00 TO 916046814081 



P.2I/3E 



1 30760/GTiyS61 

9. Hie composite material a* recited in claim 7 wherein the additive has an average 
particle size of less than about 20 micrometers. 

5 

10. The compositD material as recited in claim 7 comprising less than about 30 percent 
by volume of the additive based on the total volume of the second ductile phase. 

1 1. The composite n m ** ff M as recited in claim 1 wherein the first regions comprise 
1 0 tungsten carbide grains and a cobalt first ductile phase, and wherein the second ductile phase is 

cobalt 

12. The composite material as recited in claim 1 wherein the first regions comprise 
spherical pellets embedded in the second phase. 

15 

13. The composite material as recited in daim 1 wherein in the event that the second 
ductile binder is an alloyed steel, the steel comprises less than about 0.8 percent by weight 
carbon and has a total alloy content of less than five percent by weight based on the total weight 
of the second ductile binder. 

20 

14. The composite material as recited in claim 13 having a fracture toughness of 
greater than 20 ksi«m J , and a wear number of at least 1.5 (1,000 rev/cm*). 

1 5. A double cemented carbide composite that is prepared by combining: 

25 hard phase particles comprising a carbide compound and a first binder material, wherein 

the carbide compound is selected from the group consisting W, Tu Mo, Nb, V, H£ Ta, and Or 
carbides, and the first binder material is selected from the group consisting of Co, Ni, Fe, alloys 
thereof and alloys with materials selected from the group consisting of C. B t Cr s SL and Mn, 
wherein the bard phase particles have an average particle size of less than about 500 

30 micrometers; with 

a ductile second binder material separating the hard phase particles from each other, the 
second ductile material being selected from the group consisting of Co, Fc, Ni, W, Mo, Ti, Ta, 
V, Nb, alloys thereof end alloys with materials selected from the group consisting of C, B, Cr, 
and Mn, and sintering the composite at a sufficient temperature for melting the second binder 

35 material; 

wherein the composite has a fracture toughness of greater than 20 ksi* in* 3 , and a wear 
number of at least 1.5 (1,000 rev/cm'). 

-19- 
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16. The doable cemented carbide composite as recited in claim 15 wherein die hard 
phase particles axe substantially spherical. 

5 

17. The double cemented carbide composite as recited in claim IS comprising in the 
range of ftom about 40 to 95 percent by volume hard phase particles and less than about 60 
percent by volume of the ductile second binder material based on the total volume of the 
composite. 

10 

18. The double crnamtrd carbide composite as rtcited in claim 15 wherein the ductile 
second binder m*^^ further comprises an additive ingredient selected from the group 
consisting of carbides, nitrides, borides, and mixtures thereof 

15 19. Tl» double rrrornW carbide com 18 wherein the additive 

ingredient is selected ftom the group consisting of WC, VC, NbC, TiB* TIC, MoC, Cr,Cr, 
polycrystallinc diamond, and cBN. 

20. The double cemented carbide composite as redted in r.l rim 19 comprising less than 
20 about 30 percent by volume of die additive ingredient based on the total volume of the ductile 

second binder material 

21. The double cemented carbide co mp osite as recited in claim 15 wherein in the event 
that the second ductile binder mptgrial comprises an alloyed steel it comprises less than 0.8 

25 percent by weight carbon and has a total alloy content of less than five percent by weight based 
on the total weight of the second ductile binder material. 

22. A double cemented carbide composite comprising: 

hoju panicles of tungsten carbide cemented with a first cobalt binder, and 
30 a second cobalt binder surrounding the hard particles. 

23. The double cemented carbide composite as recited in claim 22 wherein the hard 
panicles are substantially spherical 

35 24. The double cemented carbide composite as recited in claim 22 comprising hard 

particles in the range of ftom 60 to 80 percent by volume of the total composite. 

-20- 
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25. The double cemented eaibide composite as recited in claim 22 wherein the hard 
particles have an average particle size of less than about 500 micrometers. 
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